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ABSTRACT 

Background/aims To study the initial characteristics 
and response to intravitreal ranibizumab (IVR) treatment 
of age-related macular degeneration (AMD). 
Methods We reviewed the clinical records of 141 eyes 
in 141 AMD patients who received monthly IVR for 
3 months and thereafter pro re nata (PRN) injections for 
9 months as the first treatment for AMD. Patients whose 
best corrected visual acuity (BCVA) worsened at month 
12, and those with increased exudative fundus findings 
after IVR or an increased central retinal thickness of 
more than 100 |im at month 12, were considered to be 
non-responders as judged by BCVA and fundus findings, 
respectively. Non-responders' initial characteristics were 
analysed using logistic regression models. 
Results 14.9% of eyes were non-responders as judged 
by BCVA, and 17.0% were non-responders as judged by 
fundus findings. Initial fibrovascular pigment epithelial 
detachment (RED) (OR 22.9, 95% CI 2.61 to 201) and 
serous RED (OR 4.12, 95% CI 1.08 to 15.8) were 
associated with non-response as judged by BCVA. Initial 
fibrovascular RED (OR 33.5, 95% CI 2.95 to 381) and 
type 1 choroidal neovascularization (OR 6.46, 95% CI 
1.39 to 30.0) were associated with non-response, as 
judged by fundus findings. 

Conclusions Although most AMD responded to IVR, 
non-responders had initial clinical characteristics that 
might be informative for managing their treatment. 



INTRODUCTION 

Anti-vascular endothelial growth factor (anti-VEGF) 
therapy, which was first developed as a cancer treat- 
ment/ is now used worldwide as the main therapy 
for treating choroidal neovascularisation (CNV) in 
age-related macular degeneration (AMD), a chronic 
condition.^^ One of the anti-VEGF drugs, ranibizu- 
mab (Lucentis; Genentech, San Francisco, 
California, USA) is a recombinant humanised mono- 
clonal antibody fragment that inhibits human 
VEGF, and is injected several times intravitreally to 
suppress the proliferation and hyperpermeability of 
CNV The MARINA and ANCHOR studies^ of 
intravitreal ranibizumab (IVR) therapy showed that 
the average best corrected visual acuity (BCVA) of 
AMD patients increased after monthly ranibizumab 
treatment, while the average BCVA after photo- 
dynamic therapy (PDT) decreased,"^ launching a 
new era in the field of AMD treatment. 

Thus, the efficacy of IVR for the majority of 
patients has been demonstrated.^ ^ However, 



anti-VEGF therapy is not completely effective for 
every patient and some AMD patients still lose 
their visual acuity after treatment. Furthermore, a 
previous report showed that 45% of patients 
treated with bevacizumab, another anti-VEGF drug 
that is used off-label as a treatment for AMD,^ are 
non-responders, and that efficacy depends on the 
initial lesion size and reading ability, although this 
report was based on 6 months of follow-up and 
only BCVA was used for judging non-responders. 
Another group reported that 15% of an IVR group 
were non-responders as judged by fundus findings 
at month 3, and vitreo-retinal adherence was the 
only ophthalmic factor influencing prognosis.^ 
Thus, AMD cases unresponsive to an anti-VEGF 
drug may not be unusual. Since other therapies, 
including other anti-VEGF drugs with different 
drug designs, and PDT, are available, it would be 
helpful for AMD patients if the efficacy of IVR 
could be determined as early as possible in their 
treatment so that non-responders could begin 
other, more appropriate therapy. 

In this study, we compared the initial character- 
istics of 141 responder and non-responder eyes of 
141 patients who received pro re nata (PRN) IVR 
after monthly IVR for the first 3 months as the first 
treatment for AMD. The non-responders were 
identified 12 months after the first IVR either by 
BCVA or by fundus findings, including optical 
coherence tomography (OCT) images, with the 
two sets of findings analysed separately. We sought 
to define predictive factors for non-responsiveness 
to IVR as such information would be valuable for 
the optimal management of AMD. 

MATERIALS AND METHODS 

The study followed the tenets of the Declaration of 
Helsinki and was approved by the ethics committee 
at Keio University School of Medicine. 

Study participants 

This was a retrospective study based on detailed 
medical chart review. The study included 141 eyes 
of 141 patients with visual loss due to neovascular 
AMD and treated with IVR at the Medical Retina 
Division Clinic (AMD CHnic) of the Department of 
Ophthalmology, Keio University Hospital (Tokyo, 
Japan) between March 2009 and May 2012. All 
patients were initially treatment naive and had 
attended our clinic for at least 12 months, during 
which the only treatment they received was IVR. 
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Patients who had received any previous treatment for AMD 
before initial IVR were excluded. 

Eye examinations 

All subjects underw^ent BC\A. measurement w^ith the refraction 
test throughout the course of treatment, slit-lamp examination, 
and binocular indirect ophthalmoscopy after pupil dilation w^ith 
0.5% tropicamide. 

Fluorescein and indocyanine green angiography 

Fluorescein angiography and indocyanine green (ICG) angiog- 
raphy were performed using a Topcon TRC 50DX retinal 
camera (Topcon, Tokyo, Japan) to diagnose AMD and deter- 
mine its subtypes, polypoidal choroidal vasculopathy (PCV) and 
retinal angiomatous proliferation (RAP). Angiographic grading 
was carried out according to the TAP criteria by retina specia- 
lists in our clinic (MS, NN and YO)7 Using fluorescein angiog- 
raphy, significant pigment epithelial detachment (PED) w^as 
defined according to the lesion diameter: serous PED>4 disc 
diameters (DD), haemorrhagic PED>4 DD, and fibrovascular 
PED>3 DD. 

OCT 

OCTw^as used to evaluate central retinal thickness (CRT), intrar- 
etinal oedema, subretinal fluid accumulation and PED. CRTw^as 
defined as the distance between the internal limiting membrane 
and the presumed retinal pigment epithelium (RPE) at the 
fovea. OCT was performed at every follow^-up visit using an 
OCT-C7 (Nidek, Gamagori, Japan) or Heidelberg SpectraHs 
OCT (Heidelberg Engineering, Dossenheim, Germany) instru- 
ment. Measurement was performed by referring to the scale 
bars in the OCT system. 

Treatment with ranibizumab and follow-up 

Ranibizumab (0.5 mg, 0.05 mL) was injected intravitreally 
under sterile conditions via the pars plana once a month for 
3 months, as an induction phase. Re-injections were given if the 
OCT image show^ed evidence of any fluid in the macula, identi- 
fied as macular oedema or subretinal fluid, or enlargement of a 
PED at the time of follow^-up examinations. The follow^-up w^as 
carried out every month, but w^hen fluid or haemorrhage w^as 
absent for more than 2 months, the interval was extended up to 
2 months. Any new subretinal or intraretinal haemorrhage or 
unexplained visual loss of more than 0.2 at logMAR score was 
also treated. At each follow^-up visit, BCVA was measured and 
other eye examinations, including OCT recordings, w^ere carried 
out. The average number of injections w^as 4.6±2.2 (including 
the initial three injections and additional PRN injections). 

Determination of non-responders by BCVA 

Initial BCVA (before the initial IVR) and BCVA at the 12-month 
visit v^ere compared. Non-responders were identified as those 
M^hose BCVA had w^orsened by more than 0.2 in the logMAR 
score. 

Determination of non-responders by fundus findings 
including OCT 

Initial fundus findings were recorded at each visit. 
Non-responders w^ere identified as those in w^hom exudative 
fundus findings (PED, subretinal fluid, macular oedema, haem- 
orrhage) had increased or had appeared after treatment, or in 
M^hom the CRT increased by more than 100 |xm between the 
time of initial IVR and month 12. 



Statistical analysis 

Commercially available softw^are (SPSS, VI 8.0) was used for 
the statistical analysis. The demographic characteristics of the 
responders and non-responders w^ere compared using the 
Mann- Whitney U test, and statistical significance was defined as 
p<0.05. Adjusted ORs and 95% CIs for non-responders w^ere 
estimated w^ith logistic regression models to examine the effects 
of the confounding factors on the unadjusted results. In the 
multivariable analysis, potential risk factors for non-responders 
such as type 1 CNX serous PED, haemorrhagic PED or fibrovas- 
cular PED w^ere adjusted for age, gender, CRT and CNV size at 
the time of initial IVR. 



RESULTS 

Based on BCVA, 21 eyes of 21 patients among a total of 141 
eyes (14.9%) w^ere non-responders at 12 months, w^hile 24 eyes 
of 24 patients among 141 eyes (17.0%) w^ere non-responders at 
12 months based on fundus findings (table 1). The non- 
responders, as judged by BCVA, w^ere significantly older on 
average, initially, than the responders, by the Mann- Whitney U 
test. There w^ere no differences in gender, initial BCVA, AMD 
types, initial CRT or initial greatest linear dimension (OLD). In 
contrast, the non-responders as judged by fundus findings 
included more type 1 CNV 

The initial characteristics of the fundus findings are show^n in 
table 1. Non-responders as judged by fundus findings included 
more cases w^ith initial fibrovascular PED and few^er cases w^ith 
macular oedema than responders. 

We next analysed the correlation between initial fundus find- 
ings and the non-responders (table 2). Fibrovascular PED (OR 
22.9, 95% CI 2.61 to 201) and serous PED (OR 4.12, 95% CI 
1.08 to 15.8) were significantly correlated w^ith non-response as 
judged by BCVA, and fibrovascular PED (OR 33.5, 95% CI 
2.95 to 381) and type 1 CNV (OR 6.46, 95% CI 1.39 to 30.0) 
w^ere significantly correlated w^ith non-response as judged by 
fundus findings, both after multivariable adjustment. Other find- 
ings shoM^n in table 2, as well as serous retinal detachment, 
macular oedema and subretinal haemorrhage, did not correlate 
w^ith non-response in either analysis. One non-responding case, 
as judged by fundus findings, w^ith initial fibrovascular PED is 
show^n in figure 1. 

Although non-responders w^ere not correlated w^ith typical 
AMD or PCV groups overall, details were further analysed. The 
distribution of non-responders according to AMD subtype, as 
judged by fundus findings, is show^n in figure 2. 

Importantly, there w^as only one non-responder w^ith predom- 
inantly classic CNV (6.3%) and no non-responder w^ith minim- 
ally classic type among the typical AMD cases. How^ever, among 
PCV cases, five eyes w^ith multiple polyps (26.3%) were non- 
responders, Mobile no eye w^ith a single polyp was a 
non-responder. 

Interestingly, there w^ere no non-responders as judged by 
fundus findings among the RAP cases (stage 1, five eyes; stage 2, 
six eyes; stage 3, four eyes), although tw^o eyes (13.3%) of non- 
responders as judged by BCVA developed an RPE tear after the 
fifth injection, and also had fibrovascular PED initially. A case of 
RAP in w^hich the BCVA improved is show^n in figure 3. 

DISCUSSION 

At 12 months after the initial IVR, 14.9% of eyes w^ere non- 
responders as determined by BCVA, and 17.0% w^ere non- 
responders as determined by fundus findings. The average age 
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Table 1 Demographics and initial ocular characteristics 




BCVA responders 


BCVA non-responders 


Fundus responders 


Fundus non-responders 




(1 20 eyes) 


(21 eyes) 


(117 eyes) 


(24 eyes) 


Age, mean±SD 


72.6±10.1 


75.9±5.4* 


72.9±9.9 


73.6±7.9 


Male/female gender, no. eyes (male %) 


80/40 (66.6) 


1 5/6 (71 .4) 


78/39 (66.6) 


17/7 (70.8) 


BCVA, logMAR (mean±SD) 


0.39±0.44 


0.52±0.35 


0.41 ±0.45 


0.41 ±0.33 


AMD type 










Typical AMD 


73 


10 


64 


19 


PCV 


34 


9 


38 


5 


RAP 


13 


2 


15 


0 


CRT, mean±SD (|am) 


404.8±185.7 


484.2±269.5 


426.2±209.2 


361 .8±1 41.0 


GLD, mean±SD (^im) 


3432.1 ±2207.4 


4007.8±2104.2 


3429.8±2085.1 


3947.0±2675.9 


Type 1 CNV, no. eyes (%) 


74 (61 .7) 


18 (75.0) 


68 (58.1) 


22 (91.7)** 


rUMUUb IIMUIIiyb, IIU. cytrb \/0) 










Serous RED 


50 (41.7) 


11 (52.4) 


52 (44.4) 


9 (37.5) 


Fibrovascular RED 


35 (29.2) 


11 (52.4) 


30 (25.7) 


16 (66.6)** 


Haemorrhagic RED 


11 (9.2) 


6 (28.6) 


14 (20.0) 


3 (4.2) 


Serous retinal detachment 


71 (59.2) 


13 (61.9) 


70 (59.8) 


14(54.2) 


Macular oedema 


30 (33.3) 


6 (28.6) 


33 (28.2) 


3 (12.5)** 


Retinal haemorrhage 


38 (32.5) 


7 (33.3) 


39 (33.3) 


6 (25.0) 



*p<0.05, **p<0.01. 

AMD, age-related macular degeneration; BCVA, best corrected visual acuity; CNV, choroidal neovascularisation; CRT, central retinal thickness; GLD, greatest linear dimension; PCV, 
polypoidal choroidal vasculopathy; RED, pigment epithelial detachment; RAP, retinal angiomatous proliferation. 



at the time of initial IVR of the non-responders as judged by 
BCVA. was greater than that of responders. 

Fibrovascular FED and serous FED were correlated with non- 
responders as judged by BCVA, and fibrovascular FED and type 
1 CNV were correlated with non-responders as judged by 
fundus findings. 

Although IVR has generally improved the prognosis of AMD 
dramatically,^ ^ some individuals did not achieve effects. 
Yamashiro et aP reported that 14.3% of FCV cases and 14.3% 
of typical AMD cases discontinued IVR therapy and started 
FDT due to the lack of IVR effect, and Kruger Ealk et aP 
showed that 15% of neovascular AMD cases are bad or non- 
responders. In this study, the ratio of non-responders or untreat- 
able cases was quite similar to previous data, although the cri- 
teria for the non-responders were different. As regards the 
number of injections in the first 12 months, our result showed 
fewer injections than the CATT^^ or IVAN studies. However, 
the number of injections was similar to previous reports 
showing an effect of IVR monotherapy at year 1,^ and the 
report by Kruger Falk et aP (8.7 injections in the mean 
follow-up duration of 23.3 months including a monthly injec- 
tion for 3 months in the loading phase), suggesting that non- 
response was not due to insufficient treatment. The larger 
number of IVR treatments in the FRN group of the CATT study 
may, at least in part, be due to differences in the inclusion cri- 
teria: the CATT study only includes eyes with BCVA of between 
20/25 and 20/320 initially, while our study included those who 
had better BCVA and may have included milder cases reflecting 
the recent trend of rapid care with early detection. 

Interestingly, fibrovascular FED was a risk factor for the non- 
responders as judged by both BCVA and fundus findings. This 
may be explained by physiology: the fibrous tissue beneath the 
RFE may have decreased oxygen diffusion from the choriocapil- 
laris,^^ resulting in interruption of active transport of exudative 
fluid across the RFE.^"^ This parameter was also correlated with 
non-response as judged by BCVA, most likely because the ability 
of the RFE to maintain the microenvironment would also be 



reduced and the photoreceptor function may have been 
impaired. 

Initial serous FED was observed in 61 of 141 eyes, 50 of 
which (41.7%) were non-responders as judged by BCVA. 
Interestingly, detailed analysis showed that serous FED with 
multiple polyps did not respond to IVR in all cases. A previous 
report showed that an absence of serous FED or of haemor- 
rhagic FED was correlated with decreased exudative fluid fol- 
lowing IVR.^ ^ Our findings are consistent with this report in 
terms of the negative association of serous FED with a good 
prognosis after IVR. 

In contrast, surprisingly, all the cases with RAF had serous 
FED, and all of them responded to IVR with a reduction or 
elimination of fluid. Although the effect of combined therapy 
with FDT and an anti-VEGE drug for RAF has been previously 
shown, the efficacy of IVR monotherapy has also been 
recently reported, consistent with our data. Moreover, official 
guidelines for AMD treatment developed in Japan ('Treatment 
Guidelines for Age-related Macular Degeneration', http://wvw. 
nichigan.or.jp/member/guideline/aging_macular_degeneration. 
pdf ) and the UK (Age-related Macular Degeneration Guidelines 
for Management' of the Royal College of Ophthalmologists, 
http://wvw.rcophth.ac.uk/page. asp?section=451) include anti- 
VEGE monotherapy for RAF treatment. Further study to deter- 
mine the pathogenesis of RAF and compare the effects of the 
treatments may be important in the future as there may be dif- 
ferences in the underlying mechanisms of serous FED in typical 
AMD, FCV and RAF 

The previously reported rate of FCV eye resistance to IVR 
was 14.3%,^ which was similar to our data (five eyes of 43 
cases, 11.6%). However, the fundus findings after IVR in the 
FCV cases was not uniform in this study. There were no non- 
responders among eyes with a single polyp, while five eyes 
(26.3%) among those with multiple polyps were non- 
responders. Whether the polyp was single or multiple may have 
led to the different results as the amount of abnormal vascular- 
isation might have contributed to this difference. 
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Table 2 Predictors of non-responders after intravitreal ranibizumab therapy 



BCVA Fundus finding 



As judged by 


Crude 






Multivariate, adjusted 




Crude 






Multivariate, adjusted 




p Value 


OR 


95% CI 


p Value 


OR 


95% CI 


p Value 


OR 


95% CI 


p Value 


OR 


95% CI 


Age 


0.143 


1.041 


0.997 to 0.097 








0.767 


1.007 


0.961 to 1.055 








Gender 


0.668 


0.800 


0.288 to 2.219 








0.692 


0.824 


0.315 to 2.152 








BCVA 


0.189 


1.953 


0.719 to 5.307 


0.551 


0.732 


0.262 to 2.044 


0.984 


0.990 


0.352 to 2.783 


0.940 


0.956 


0.995 to 1.001 


AMD type 


























PCVt 


0.191 


1.932 


0.719 to 5.191 


0.154 


2.125 


0.755 to 5.983 


0.134 


0.443 


0.153 to 1.284 


0.083 


0.374 


0.123 to 1.138 


RAPt 


0.889 


1.123 


0.220 to 5.725 


0.722 


0.726 


0.125 to 4.234 


-* 




-* 




-* 


-* 


CRT 


0.093 


1.002 


1.000 to 1.004 








0.154 


0.998 


0.995 to 1.001 








GLD 


0.273 


1.000 


1.000 to 1.000 








0.297 


1.000 


1.000 to 1.000 








Type 1 CNV 


0.191 


2.378 


0.648 to 8.723 


0.141 


2.741 


0.717 to 10.479 


0.026* 


5.500 


1.221 to 24.771 


0.017* 


6.462 


1.390 to 30.036 


Fundus finding 


























Serous RED 


0.007** 


5.937 


1.623 to 21.722 


0.039* 


4.123 


1.077 to 15.782 


0.355 


1.946 


0.477 to 7.946 


0.335 


2.156 


0.453 to 10.266 


Haemorrhagic RED 


0.043* 


12.526 


1.082 to 144.986 


0.096 


8.443 


0.685 to 104.061 


-* 












Fibrovascular RED 


0.004** 


13.882 


2.360 to 81.656 


0.005** 


22.896 


2.613 to 200.607 


0.002** 


30.526 


3.379 to 275.817 


0.005** 


33.507 


2.949 to 380.691 



Serous PED>4 DD, haemorrhagic PED>4 DD, and fibrovascular PED>3 DD were included. In the multivariable analysis, potential risk factors for non-responders were adjusted respectively for age, gender, CRT and GLD at the time of initial intravitreal 
ranibizumab. 
*p<0.05, **p<0.01. 
tReference typical AMD. 

^Unanalysable because all subjects were responders. 

AMD, age-related macular degeneration; BCVA, best corrected visual acuity; CNV, choroidal neovascularisation; CRT, central retinal thickness; GLD, greatest linear dimension; PCV, polypoidal choroidal vasculopathy; RED, pigment epithelial detachment; 
RAR, retinal angiomatous proliferation. 
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Figure 1 A non-responder as judged by fundus findings with fibrovascular pigment epithelial detachment (PED). This was a 71 -year-old man with 
typical age-related macular degeneration and best corrected visual acuity (BCVA) of 0.3 (logMAR 0.52) at the time of initial intravitreal ranibizumab 
(IVR). Fluorescein (top row, left two panels, early phase and late phase) and indocyanine green (bottom row, left two panels, early phase and late 
phase) angiograms were consistent with the findings of the fundus colour photograph and an optical coherence tomography image showing 
ifibrovascular PED before initial IVR (top row, right two panels). After seven IVR injections, the BCVA worsened to 0.15 (logMAR 0.82) at month 12. 
Although the fibrovascular PED did not change markedly, there was an increase in the subretinal and intraretinal fluid at month 12 (bottom row, 
right two panels). 



Type 1 CNV also correlated with non-responders as judged by 
fundus findings, which may, at least partly, have been because 
RPE barrier function was preserved in these cases and drug 
penetration was insufficient. Initial type 1 CNV was not a risk 
factor for non-response as judged by BCVA; this might be 
related to the remaining RPE barrier function which would 
inhibit rapid progression of the AMD lesion. 

We recommend that for those with characteristics of IVR non- 
response, such as serous or fibrovascular PED or type 1 CNV 
before initial IVR, the efficacy of IVR is estimated to be lower 
than the results of the clinical studies, which only report average 
efficacies, in evaluating the benefit of treatment. Patients with 
non-responders' characteristics may choose other anti-VEGF 
drugs, or PDT at an earlier time point, which may improve 



prognosis since they can avoid inefficient and unnecessary 
treatment. 

Nine of 141 eyes (6.4%) were non-responders as judged by 
both BCVA and fundus findings (see online supplementary table 
SI), and fibrovascular PED was the only predictor for non- 
response (see online supplementary table S2). Those non- 
responders as judged by BCVA and those as judged by fundus 
findings did not necessarily overlap, which may be an interesting 
finding for future study. The limitations of this study were the 
rather small size of the population and the different AMD types 
in the population. However, we hope our results will encourage 
further studies to establish the criteria for non-responders in 
order to avoid inefficient treatment and achieve benefits for 
patients. 



cases 

70 T 



60 
50 
40 
30 
20 
10 



1 
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43 



24 



14 



15 



Classic CNV Minimally classic Occult with no PCV(mono PCV(multiple 
CNV classic CNV polyp) polyp) 



RAP 



Typical AMD 

OResponder ■Non-responder 

Figure 2 Distribution of non-responders according to AMD type, as judged by fundus findings. Non-responders are shown in black in each bar. 
The numbers of non-responders and responders are included in the graph. AMD, age-related macular degeneration; CNV, choroidal 
neovascularisation; PCV, polypoidal choroidal vasculopathy; RAP, retinal angiomatous proliferation. 
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Figure 3 A responder as judged by fundus findings with retinal angiomatous proliferation (RAP). This was an 85-year-old man with an initial best 
corrected visual acuity (BCVA) of 0.1 (logMAR 1.0). Initial fluorescein (top row, left two panels, early phase and late phase) and indocyanine green 
(bottom row, left two panels, early phase and late phase) angiograms and colour fundus photograph (top row, centre panel) showed a typical RAP 
lesion. Initial central retinal thickness (CRT) measured in the optical coherence tomography image was 708 |xm (top row, right panel). At month 12, 
the BCVA was improved to 0.4 (logMAR 0.4), all the exudative fundus findings had improved or disappeared, and the CRT was reduced to 194 |xm 
(bottom row, right two panels). 
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